The objective of this study was to evaluate the storage potential of mangaba fruits coated with pectin biofilm stored in biochemical oxygen demand (BOD) (22 ± 1°C) under modified atmosphere. Scanning electron microscopy (SEM) was used to analyze the physical and chemical changes, vitamin C content, soluble solid, titratable acidity and turgor pressure, and colour and physical structure of the fruits during storage. The physico-chemical and colour analyses of the fruit were done with four treatment groups: control and pectin solutions of 4, 6 and 8% (w / v) at three day intervals for two weeks. The pectin solution and BOD were effective for the conservation of soluble solids of mangaba. However, the levels of acidity, vitamin C and turgor pressure showed that the fruits got ripe during the study and were kept until the sixth day of the test compared to control fruits. The best results were determined for the mangaba coated with 6 to 8% pectin.
INTRODUCTION
Mangaba (Hancornia speciosa Gomes) is a fruit appreciated for being consumed "in natura", is used in the manufacturing of food products such as drinks, ice cream, jams, compotes and in preparing wine and vinegar (Machado et al., 2004) . In addition to the use of the fruit, the tree can also be exploited for the production of rubber; it is used as waterproof fabrics in Brazilian Cerrado, for fabricating balls and treating dislocations and hypertension (Machado et al., 2004) . It has considerable potential for industries, in the processing of juices, liquor and ice creams (Sampaio and Nogueira, 2006) .
Mangaba fruit has ellipsoid and fleshy form, with greenish yellow colour and diameter of 3.4 cm (Ganga et *Corresponding author. E-mail: geovanarochaplacido@yahoo.com.br., marcotonyrv@yahoo.com.br al., 2010) . It has white, acidic, fragrant and tasty pulp,with flat seeds and light brown colour (Vieira Neto, 2009) . In Brazil, the species is distributed from North to the Midwest; it is grown in sandy soils with acid and low nutrients found in rocky slopes (Machado et al., 2004) .
The fruit has interesting features such as good digestibility and high nutritional value due to its considerable contents of protein and vitamin C (Carnelossi et al., 2009) . The agricultural exploitation of mangaba is limited due to its high perishability index and short harvest period, in addition to its mechanical, physical and microbiological damages (Soares et al., 2012) .
Post-harvest fruit quality is related to the maintenance of color, firmness and appearance (Santos et al., 2009) , which contributes to increased shelf life and greater consumer acceptance. The use of low storage temperature contributes to reductions in oxidative reactions, respiration and ethylene production, thus increasing the product durability (Campos et al., 2011) .
The durability of fruits can be increased with the use of films for coating of fruits; this increases their protection (Corrêa, 2011) . Pectin gel is an alternative for coating fruits and has the function of providing firmness, retaining aroma and flavour and playing the role of hydrocolloid in dispersions (Paiva et al., 2009) .
From this assumption, the aim of this work is to study the storage potential of mangaba fruits coated with pectin biofilm stored in biochemical oxygen demand (BOD) (22 C ± 1°C) under modified atmosphere. It also aims to evaluate the physicochemical changes, colour and physical structure of the fruit.
MATERIALS AND METHODS
Mangaba fruits homogeneously cultivated in the region of Caçu-GO (18° 33'S and 51° 08'W) were manually harvested in October 2013 and brought to the Laboratory of Fruits and Vegetables, Federal Institute of Goiás, Rio VerdeCampus -GO, Brazil. The fruits were selected by size, colour and absence of mechanical injuries. They were sanitized in chlorinated water for three minutes (100mg/L). The fruits from the different treatments were kept in BOD with average temperature of 22 ± 1°C.
Mangaba fruits were immersed in pectin filmogenic, of mark Unipectine solutions (of 0, 4, 6 and 8% (w / w) concentrations) for one minute. The pectin solution (0, 40, 60 and 80 g) was solubilized in 1 L of distilled water at room temperature and homogenized in a blender for 30 s for gelation of pectin solution (0, 4, 6 and 8%). Subsequently, they were placed in a suitable container to drainand dry the excess solution.
The treatments were stored in 150x150x18 mm Styrofoam trays in BOD and were evaluated every three days for fifteen days. The treatments were done in three replicates with five fruits each. The following parameters were evaluated by scanning electron microscopy (SEM): soluble solids (SS) and titratable acidity, ascorbic acid, turgor pressure, and color.
In determining the content of soluble solids expressed in °Brix, the filtered juice was read in refractometer Atago N-2E according to AOAC method No. 983.17 (1992) . Titratable acidity was determined by volumetric redox by titrating mangaba samples with 2,6dichlorophenol-indophenol sodium solution (DCFI) according to AOAC method No. 967.21 (2000) . The turgor pressure was Plácido et al. 2787 determined by applanation technique using a horizontal applanator (Calbo and Nery, 1995) and results were expressed as kgf.cm -2 . The colour parameters (L*, a*, b*) of mangaba fruits were analyzed in Hunter Lab colorimeter model Colour Quest II at the Laboratory of Physicochemical Analysis, School of Food Engineering, Federal University of Goiás, Goiânia -GO, Brazil. The L* values (lightness or brightness) ranged from black (0) to white (100), the a* values ranged from green (-60) to red (60), and the b* values, from blue to yellow on the same scale as the a* values.
The epicarp of mangaba fruits was removed and dried at 60°C for 12 h and stored in desiccator for further analysis by SEM. For this analysis,samples were placed on stabs, coated with a thin layer of gold and micrographed. Evaluation was performed at the Laboratory of Multiuser High-Resolution Microscopy, Institute of Physics -Federal University of Goiás, Brazil. Scanning electron microscope, Jeol, JSM -. 6610, equipped with EDS, Thermo scientific NSS Spectral Imaging was used.
The experimental design was completely randomized and the analysis of results was performed using 4x6x3 factorial design consisting of four treatments (control and pectin solutions of 4, 6 and 8%), six days of storage (0, 3, 6, 9, 12 and 15 days) and three replicates for each fruit tray. This results in nine replicates of each treatment and day of the study. The models were selected according to the coefficient of determination and their significance was determined through the F test. The averages obtained for analyses of total soluble solids, titratable acidity, ascorbic acid, turgor pressure and colour were compared by the Tukey test at 5% probability, using the SISVAR software.
RESULTS

Soluble solids content
The soluble solid content of mangaba fruits was not significantly affected during storage with different percentages of pectin coating under controlled temperature. Table 1 shows that the fruits had an increase in soluble solids content up to the sixth day of storage, then a decrease on the ninth day and an increase again at the end of the analyses. Figure 1 shows the differences in the SS content for control and treated fruits. In the present study, fruits coated with 4% pectin showed greater variation in the amount of soluble solids during storage and the lowest variation was observed for fruits with 6% pectin.
Regardless of the pectin concentration used in the coating of mangaba, it showed decreases and increases in soluble solids content during storage. The fruits with 4 and 0% pectin showed the highest variation in these levels. However, at the end of 0 days, the fruits remained with high soluble solids contents, except for fruits with 0% pectin, which showed decreased levels compared to the first and 15 th days of the analysis.
Titratable acidity levels
Mangaba fruits showed titratable acidity levels ranging from 0.028 to 0.172% citric acid (Table 2) . Mangaba fruits coated with 8% pectin solution showed greater differences in the acidity index ( Figure 2 ) compared to the control fruits and 4 and 6% pectin treatments. However, for all concentrations, reduction in acidity levels was observed in the sixth and ninth day of storage, increase in the twelfth day and reduction again on the last day of the analyses. Table 3 shows that vitamin C content during the storage of mangaba fruits ranged from 133.07 to 232.48 mg of ascorbic acid per 100 g of fruit. There were no significant differences among treatments in vitamin C contents. However, during the days that mangaba fruits remained stored, differences in the ascorbic acid quantification among fruits coated with the same pectin concentration were observed. Mangaba fruits stored in BOD and coated with pectin showed an increase and subsequent decrease in vitamin C content, as shown in Figure 3 . In studies with "citrus" during storage, a decrease in the amount of vitamin C (Malgarin et al., 2008) due to ripening was observed. This indicates the onset of fruit quality loss. stored mangaba fruits. Table 4 illustrates that at the end of the storage period, there was no improvement in the firmness of mangaba fruits treated compared to control fruits. Cell turgor is the compressive force which can be represented by measuring fruit peel firmness (Luengo et al., 2003) . Figure 4 shows that fruits coated with pectin present results similar to those of untreated mangaba fruits. Table 5 shows the change in L* parameter, indicating that the luminosity of the sample ranges from 0 (completely dark) to 100 (completely clear) for the storage of mangaba fruits.
Vitamin C levels
Turgor pressure levels
Fruit color
The differences in L* parameter analyzed for mangaba fruitscoated with pectin are seen in Figure 5 . As expected, fruits showing darker coloration and greater deterioration were uncoated fruits (control). Table 6 shows the changes in a* parameter; its lower and even negative values indicate green coloration but the higher values of a* parameter indicate red-purple coloration.
Not fully ripe mangaba fruits showed slightly reddish coloration at the beginning of analyses, except for fruits with 8% pectin. During storage, uncoated fruits and those with 4 and 6% coating tended to show reddish coloration, which confirms that fruits have undergone ripening process. However, fruits with 8% coating showed only slight red coloration at the end of the experiment. It was found that the a* parameter showed great variations during storage of mangaba fruits ( Figure 6 ). Fruits coated with 4% pectin resulted in large variations while fruits coated with 0% pectin showed lower colour variation in the pattern analysis and during the study period. Table 7 shows the changes in b* parameter; its lower and negative values indicate blue coloration but the higher values of this parameter indicate yellowish coloration.
There was an increase in yellowish coloration of fruits up to the sixth day of storage. Fruits with 8% pectin coating had a decrease in yellow colour on the third day and an increase on the sixth day of storage. Fruits with 6% pectin increased yellowish coloration after 12 days of storage; however, a decrease was observed after this period, as well as for the other pectin concentrations. Lower yellowish coloration values indicate that the fruit maintained quality during storage. Figure 7 shows that coated and uncoated mangaba fruits showed no traits of blue colour during ripening. However, yellow colour showed considerable variation in fruits with 6% pectin coating. At the end of the analysis, mangaba fruits coated with 0 and 4% pectin showed higher values for the b* parameter, a fact that indicates greater maturity of these fruits when compared to mangaba fruits with 6 and 8% pectin coating. 
Scanning electron microscopy
The physical structure of control mangaba fruits coated with 4, 6 and 8% pectin and scanned under SEM is shown in Figures 8, 9 , 10 and 11.
DISCUSSION
Soluble solids content
The soluble solids content ranged from 8.72 to 17.14 °Brix for mangaba fruits in this study. These values are lower than those found by Cohen and Sano (2010) , from 17.7 to 20.3 °Brix, who studied the physicochemical parameters of mangaba fruits. The values of the mangaba fruits kept at room temperature having yellow and red pigments on the shell without the use of biofilms ranged from 11 to 15 °Brix (Santos et al., 2009 ). Mangaba fruits analyzed by Santos et al. (2009) showed an increase in SS contents during storage in modified atmosphere and ambient atmosphere. Mangaba is a climacteric fruit; therefore, the soluble solids content increases with maturation. This fact is related to the biosynthesis of soluble sugars or polysaccharides degradation (Kays, 1997) . Bashir and Abu-Goukh (2003) reported that the increased sugar content is a climacteric peak phenomenon and after this, there is a reduction in soluble solids content. Fruits coated with 4% pectin were at climacteric peak at the beginning of analyses; however, the other treatments have gone through this phenomenon only at the 12 th day, confirming maintenance of fruit quality.
However, Jerônimo and Kanesiro (2000) indicate that such peaks may be the result of the transformation of reserves accumulated during formation and development of solid into soluble sugars.
Titratable acidity levels
Mangaba fruits stored at room and refrigeration temperature (11°C) with ethylene incorporation (Campos et al. (2011) showed values between 0.554 and 0.840 g citric acid/100 g of pulp. Santos et al. (2009) reported no significant variations in the titratable acidity levels of mangaba fruits during storage and determined values greater than 1.5%. Soares Junior et al. (2008) found mean values of 0.38 and 0.78% for mangabas fruits stored at room and refrigeration temperature with the use of PVC and PE film.
The increased titratable acidity levels on the twelfth day of storage of mangaba fruits can be related to the onset of anaerobic respiration that causes physiological disorders in fruits. Anaerobic respiration is the result of the low permeability of the biofilm to gases, causing fruits to obtain energy; through this process it produces acetaldehyde and ethanol, affecting the quality of the product (Steffens et al., 2007; Petracek et al., 2002) . However, according to Scalon et al. (2012) , the unexpected increase in the acidity levels may also be related to release of galacturonic acids from the cell wall by the action of pectin methyl esterase and polygalacturonase enzymes. The increase in acidity levels is a result of the production of substrates during respiration of mangaba fruits and pectin hydrolysis rates present in the cell wall of fruits (Borges et al., 2000) . However, the last day of storage at low temperature may have contributed to a decrease in respiratory rates, which contributed to the drop in titratable acidity levels. Souza et al. (2007) reported that this behavior occurred in mangaba clones when their physicochemical characteristics were analyzed.
Vitamin C levels
For mangaba fruits kept at room temperature and under refrigeration using ethylene, Campos et al. (2011) determined values between 132.60 and 166.49 mg ascorbic acid / 100 g. It was reported that mangaba clones had average of 164.77-188.75 mg ascorbic acid / 100 g pulp (Souza et al., 2007) . Carnelossi et al. (2004) reported that some fruits can retain and increase the ascorbic acid content during storage. Carnelossi et al. (2009) reported behavior similar to this work with mangaba fruits stored at different temperatures. There are decreases in vitamin C contents in tropical fruits during storage, according to some authors (Klein, 1987; Favell, 1998; Melo et al., 2000) . Vitamin C acts as an antioxidant and increases in its content during storage could be related to the progress of oxidative reactions in the process of fruit ripening (Carnelossi et al., 2009) .
Turgor pressure levels
On the sixth day of analysis, control fruits showed a peak in turgor pressure values; however, on the ninth day of analysis, fruits showed a considerable decrease in this parameter. This decrease can be related to the ripening of fruits that leads to a series of enzymatic reactions resulting from climacteric respiration and ethylene production (Castricini, 2009) . During ripening, the conversion of insoluble pectin into soluble pectin causes a decrease in fruit resistance, which could have contributed to the fact that coated fruit did not maintain turgor pressure during storage (Chitarra and Chitarra, 2005) .
However, mangaba fruits stored under modified atmosphere showed lower loss of firmness due to reduced losses of fresh weight (Santos et al., 2009 ). According to Carnelossi et al. (2009) , mangaba fruits kept under constant refrigeration showed better results in relation to cell wall firmness.
The use of coating contributes to greater structural integrity and physical strength of fruits, increased resistance when used in mixing and physical impacts during transport, helps to lower microbiological contamination rates and also contributes to maintaining the appearance of the product (Matuška et al., 2006) . However, pectin substances that compose the cell wall of fruits are responsible for degrading pectin macro-molecules, a factor that may have contributed to the degradation of mangaba fruit coated with pectin (Chitarra and Chitarra, 2005) .
Fruit colour
At the beginning of analyses, mangaba fruits showed median brightness values. Throughout the storage period, fruits were getting darker, except for fruits with 8% pectin, which were clearer at the end of the analysis.
The darker the fruit, the greater its deterioration. In general, mangaba fruits became clearer throughout the storage period, and browning occurred only at the ninth and twelfth days of storage. Except for mangaba fruits coated with 6% pectin, which became dark only after the end of the experiment, fruits were clear, showing that coating helped their conservation. Lima (2011) found that mangaba fruits stored at temperatures of 6 and 0°C showed injuries caused by cold and there were no significant differences in brightness from mangaba fruits stored at 12°C. Toledo et al. (2003) reported that fallen mangaba fruits presented good appearance up to seven days of storage. However, not fully ripe fruits maintained their quality up to nine days of storage at temperature of 6°C.
The quality of a food is related to taste, odor, colour and texture. Cardoso et al. (1997) reported that colour is visual perception in the interaction of light with the object and is one of the most important attributes for product acceptance. Frequently, it is more important than flavour and odor. Lima (2011) confirmed that stored mangaba fruits and those harvested when not fully ripe showed more intense reddish coloration due to ripening, which does not determine that the fruits suffered losses in their sensory quality.
Scanning electron microscopy
Analysis of mangaba fruits using scanning electron microscopy showed that the surface of uncoated fruits presents roughness and circular structures with the incidence of open spots, which makes fruits perishable and easily invaded by microorganisms.
With the use of coating, the cell wall of mangaba fruits became more uniform, but fruits coated with 6 and 8% pectin presented circular structures on the surface, which may be possible air microbubbles. This may contribute to increased permeability of the surface to water vapor and gases, causing loss of moisture and darkening (Fontes, 2005) . Furthermore, at high concentration (8% pectin), coating has considerable thickness, which makes the film brittle, causing losses in product quality.
Scanning electron microscopy is important to evaluate the morphology of films through detailed images of their surface (Freire et al., 2009) . When biofilm is used for fruit coating, microscope can provide information on the product miscibility (Wang and Composto, 2003) .
Biofilm preparation is essential because the film drying process and the nature of the hydrocolloid make components such as polysaccharides, plasticizers and water to arrange in different ways (Meneguim, 2012) .
Conclusion
The storage of mangaba fruits with pectin biofilm and controlled temperature increased their shelf life up to the sixth day of storage. Later, the decrease in vitamin C content, titratable acidity and turgor pressure confirms that the fruits have undergone ripening process. However, SS contents increased during the study for control fruits and those treated with 6 and 8% film solution, confirming the conservation of this parameter. The colour of fruits with 6 and 8% coating did not change significantly and indicated that at these concentrations, fruits maintained their visual qualities. Scanning electron microscopy indicates that coating with 2% pectin contributed to smoother and more consistent surface.
